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Figure 2-1 Molecular structures of S-(+)- ketamine (left) and R-(-)- ketamine (right) 
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Table 2-1  Common effects of ketamine 
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Table 2-3 Ketamine seizures in Malaysia from 1998 to 2007 
[87] 
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3  METHODS  OF  KETAMINE  ANALYSIS  IN 
FORENSIC TOXICOLOGY 
                                                                                 
                                                                                       
                                                                             
                                                                                   
                                                                                        
                                                                                  
                                                                                
                      
3.1 Screening Methods  
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Table 3-1 Comparison of 2 commercial kits for ketamine screening in urine 
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3.2 Confirmatory Methods  
                                                                                 
                                                                              
                                                                            
                                                                                 
                                                                           
                                                             
                                                                                  
                                                                                       
                                                                              
                                                                                  
                                                                                     
                       
                                                                              
                                                                                 
                                  
                                                
                                                                                 
                                                                              
                                              
3.2.1 Gas Chromatography-Mass Spectrometry (GC-MS)  
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Table 3-2 Comparison of various GC-MS methods for determination of ketamine and its 
metabolites  
 
References 
 
 
98
 
 
101
 
 
 
102 
 
 
103
 
 
104
 
 
105
 
 
106
 
Matrix  Monkey urine  Human hair  Human urine  Human  
urine 
Human 
urine 
Human 
urine 
Human 
urine 
Extraction/ 
preparation 
Enzymatic 
Hydrolysis 
SPE (HCX 
Isolute
®) 
LLE  Acid 
hydrolysis, 
LLE 
LLE  SPE, Drug- 
Clean 
™ 
LLE  SPE, Oasis 
HLB 
Linearity 
(ng/mL) 
0-2000   0.05-100 (K) 
0.005-10(NK) 
0-500  100-5000  50-1000  Not 
mentioned 
30-1000 
 
LOD 
(ng/mL) 
5 pg/mL (K) 
5 pg/mL (NK) 
0.02 for K & 
NK 
1 (K) 
5(NK) 
3-75 for K 
& NK 
25 for K & 
NK 
3-10  1 for 
K,NK, 
DHNK 
 
LOQ 
(ng/mL) 
20 (K) 
50(NK) 
pg/mL 
0.05 for K & 
NK 
5(K) 
10(NK) 
9-100 for K 
& NK 
50 for K & 
NK 
5-50  15(K) 
10(NK) 
20 
(DHNK) 
Precision (%) 
Intra-day 
Inter-day 
Not 
mentioned 
< 8.1 for both 
intra- & inter-
day precision 
<2.1 
<5.1 
< 12.3 for 
real 
samples 
Inter- and 
intra- < 15 
Not 
mentioned 
RSD < 8.1 
Screening 
method 
 
Neogen
® 
ELISA 
None  None  None  None  None  Neogen
® 
ELISA 
Identification 
mode 
Chemical 
Ionization 
(CI) mode 
SIM Mode  SIM Mode  Positive ion  
chemical 
ionization 
(PCI) 
Positive ion  
chemical 
ionization 
(PCI  
Full scan 
SIM mode 
SIM mode 
Accuracy (%) 
 
Not 
mentioned 
80 to 98(K) 
82.5 to 117.5 
(NK) 
93.7-102.5   Not 
mentioned 
78-116  Not 
mentioned 
90-104 
Derivatization 
 
None  None  None  Penta-
flouro-
benzoyl 
chloride 
(PFBC) 
None  Comparison 
of 10  
agents 
None 
 
 
  
3.2.2   High Performance Liquid Chromatography (HPLC) 
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Table 3-3 : HPLC method for ketamine and metabolites determination  
 
References 
 
 
107 
 
 
108
  
 
 
109
 
 
110
 
 
46
 
 
111
 
Matrix  Human 
plasma 
Human 
plasma 
 
Human 
plasma 
 
Human 
plasma 
Equine 
serum 
Human 
plasma 
Extraction/ 
preparation 
SPE, Oasis HLB  LLE  LLE  SPE using Sep-
Pak light C18 
cartridge 
Micro 
separation with 
a 10 000 mass 
cut-off filter 
LLE 
(cyclohexane) 
HPLC  
Column 
 
Monolithic 
silica  
Reversed-phase 
Ultremax 5 µm 
CN  
Chiralcel OD  Chiral  AGP  Phenyl 
sphrisorb 
Chiral  AGP  
(Assay I)  
Nucleosil RP  
(Assay II) 
 
Mobile-phase 
 
 
 Monobasic 
sodium 
phosphate: 
Acetonitrile 
(75:25,v/v) 
Methanol: 
acetonitrile: 
orthophosphoric 
acid: 
0.01 M sodium 
dihydrogen-
phosphate 
(200:80:2:718, 
v/v/v/v) 
n-hexane: 
2-propanol 
(98:2,v/v) 
10 mM 
potassium 
dihydrogen 
phosphate buffer 
pH 7: 
methanol 
(84:16,v/v) 
acetonitrile: 
ortho-phosporic 
acid: 
water 
(20:2:78,v/v/v) 
Assay I 
2-propanol: 
0.02 M  
Phosphate 
buffer, pH 7 
(2.5:97.5,v/v) 
Assay II 
Acetonitrile: 
0.03 M  
Phosphate 
buffer, pH 7.5 
(30:70,v/v) 
Linearity 
(ng/mL) 
25-2000(K) 
25-1500(NK) 
15-750(DHNK) 
10-400 (K)  10-500  10-350  50-5000  50-5000 (K) 
50-500(NK) 
LOD 
(ng/mL) 
12.5 (K & NK) 
7.5 (DHNK)  
 
1 (K)  5 =K 
enantiomers 
10=NK 
enantiomers 
2 =K & NK 
enantiomers 
 
K=15 (UV) 
K=5 (PDA) 
40 
LOQ 
(ng/mL) 
25 (K & NK) 
15 (DHNK) 
10 (K)  Not 
mentioned 
Not mentioned  Not mentioned  Not mentioned 
Precision (%) 
Intra-day (ID) 
Inter-day 
(IDa) 
ID =1.3 -7.2 
IDa =1-5-8.7 
ID =<11 
IDa = <13.3 
ID = 2.9 9.8 
IDa =3.4 -
10.7 
IDa =4.8 (S-K) 
IDa =6.0 (R-K) 
IDa =8.5 (S-
NK) 
IDa =4.1(R-NK) 
Not mentioned  IDa = < 15  
except for  
43.3 
Identification 
mode 
UV at 220 nm 
 
UV at 215 nm 
 
UV at 215 nm 
 
UV at 220 nm 
 
UV at 215 nm 
(screening) 
Photo-diode 
array (confirm) 
at 200-320 nm) 
UV at 215 nm 
 
Recoveries 
(%) 
 
95.3 (K) 
96.9(NK) 
103.9(DHNK) 
79.9 (K)  86-1 to 91.3 
for K and NK 
enantiomers 
81 (K 
enantiomers) 
87 (NK 
enantiomers) 
106.3 (K)  89.3 - 101.4  
(Assay I) 
74.8-103.9 
(Assay II) 
for K and NK 
enantiomers 
Significance 
 
Application of 
monolithic silica 
column for 
ketamine, 
norketamine and 
dehydro-
norketamine 
detection  
To measure 
ketamine & 
bupivacaine 
simultaneously 
at low analgesic 
doses 
Method to 
determine 
ketamine 
enantiomers 
and 
norketamine 
in human 
plasma 
Method to 
determine 
sub-anaesthetic 
concentration of 
ketamine and 
norketamine 
enantiomers in 
human plasma 
Method to 
determine 
Ketamine and 
dehydro-
norketamine 
in equine serum 
Comparison of  
2 methods 
emphasized on 
reverse-phased 
column to  
determine 
concentration of 
ketamine and 
norketamine 
enantiomers in 
human plasma 
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3.2.3 Liquid Chromatography Mass Spectrometry (LC-MS) 
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Figure 3-1 Molecular weight and polarity versus the choice of interface  
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3.3 Techniques for Sample Preparation  
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3.3.1 Solid Phase Extraction (SPE) 
3.3.1.1  Introduction to SPE 
                                                                             
                                                                             
       
                                                                              
                                                                                 
                                                                                       
         
                                                                    
                   
         
                                                                                 
                                                                                 
                                                                                
                                                                                
                                                                              
                                                                                
                                                                                
3.3.1.2  Principles of SPE 
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3.3.1.3  SPE Sorbents 
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Figure 3-2 Structure of Strata™ X 
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3.3.2 Molecularly Imprinted Solid Phase Extraction (MISPE) 
                                                                                       
                                                                                
                                                                                   
                                                                                       
                                                                           
                                                                                   
                        
       
                                                                                       
                                                                                      
                                                                                
                                                                          
                                                                               
                                                                              
                            
         
                                                                                
                                                                              
           
                                 
                                   
                                                                                      
                                                                           
                                                               
                                                                             
      
                                                                              
                                                                                
                                                                                   
                                                                                 
                                                   Norlida Harun - 2010                                                                                                             Page 43 
                                                                             
                                                                                  
                                                                                  
         
        
                                                                          
                                                                                          
                                                                              
                                          
                               
                                    
 
 
 
 
 
 
 
 Norlida Harun - 2010                                                                                                             Page 44 
4  ENZYME-LINKED  IMMUNOSORBENT  ASSAY  (ELISA) 
FOR  SCREENING  OF  KETAMINE  AND  ITS 
METABOLITES 
4.1 Introduction 
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4.2 Principles of ELISA  
                                                                                
                                                                               
                                                                Law of Mass 
Action                                            
  
 
 
where, 
 
[Ag] = antigen concentration,  
[Ab] = antibody concentration, 
[Ag-Ab] = antigen-antibody complex,   
ka   = association rate constant,   
kd   = dissociation rate constant. 
      equilibrium constant or affinity constant 
                                                                               
                                                                                        
                                                                           
Equation 4.2                      Keq  =           ka   =  [Ag–Ab]  
                                                             kd      [Ag][Ab]  
[Ag] + [Ab]                 [Ag-Ab] 
  ka 
kd 
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Figure 4-1 The test principles of Neogen ketamine ELISA 
 (copyright Neogen Corporation
® ) 
 
4.3 Experimental Section  
4.3.1 Chemicals and reagents 
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4.3.2 Equipment 
                                                                              
                                                                                    
                                                                              
                                                                                       
                                                                           
                                           
4.3.3 Preparation of solutions 
[138] 
4.3.3.1  Enzyme conjugate 
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4.3.3.2  Wash buffer  
                                                                                      
                                                                            
                                                                                 
           
     
4.4 Method Development 
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Table 4-1 Experimental conditions for method optimisation   
Experimental conditions 
Urine diluted (1:10) 
Volume of 
sample 
(µL) 
 
Volume of 
enzyme 
conjugate 
(µL) 
Pre-incubation 
Time (min) 
 
 
Average B/B0 
(%) 
 
 
STD DEV 
 
 
 
% RSD * 
 
0   84.16  3.09  3.67 
30   84.38  1.37  1.63 
90  
60   83.95  1.63  1.94 
0 *  74.07  3.09  4.17 
30   74.58  1.73  2.33 
20*  
180*  
60   74.42  0.94  1.26 
0   83.52  3.12  3.74 
30  82.93  1.09  1.31 
90  
60  80.85  1.65  2.04 
0  73.94  2.22  3.00 
30  72.14  3.12  4.32 
40  
180  
60   71.52  1.75  2.45 
* Parameter used for validation   
* % RSD = (SD/ Average B/B0 ) x 100 
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4.5 Method Validation 
                                                                               
                                                                                  
      
                                                                               
                     
                                                             
                                                                           
                                                                                         
                                                                                
                                            
                                                                                      
                                                                            
                                                                               
4.5.1 Sample Treatment 
                                                                              
                                                                           
                                                                                 
                                                                             
                                                                                 
                                                                               
                                                                                 
                                                                 
4.5.2 ELISA Method 
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Figure 4-2 Optimised ketamine ELISA assay procedure 
 
4.5.3  Dose-Response Curve 
                                                                               
                                                                                          
                                                                                  
20 µl  sample/calibrator/control loaded into each microplate well  
180 µl diluted enzyme conjugate added to each microplate well  
plate incubated for 45 minutes 
plate washed with 5 x 300 µl diluted wash buffer 
150 µl K-Blue substrate added to each microplate well  
 
50 µl stop solution (1M HCl) added to each microplate well 
plate incubated for 30 minutes 
plate read at 450 nm 
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Figure 4-3  Ketamine ELISA dose response curve from 0.5 to 8000 ng/ml. Norlida Harun - 2010                                                                                                             Page 54 
4.5.4  Intra-day and Inter-day Precision 
                                                                                
                                                                           
                                                                                 
                                                                               
                                                                              
                                                                             
                                                                               
                                                                                 
                                         
Table 4-2 Intra and inter-day precisions for ketamine ELISA assay in human urine  
 
Intra-day 
n=10 
 
Inter-day 
n=50 
 
 
         
         
 
 
        
 
        
         
 
        
 
     
 
    
 
     
 
    
 
 
4.5.5 Limit of Detection (LOD) 
                                                                            
                                                                                  
                      
Equation 4-3        LOD = A0-3s  
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4.5.6 Cross-reactivity 
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Figure 4-4 The cross-reactivity of norketamine to ketamine in the Neogen ELISA kit Norlida Harun - 2010                                                                                                             Page 56 
                                                                                  
                                                                               
                                                                               
                                                                               
                                             
Table 4-3 Cross-reactivity of norketamine and common drugs tested                                                                 
by the Neogen
® ketamine ELISA                                                                                 
Compound  Spiked Concentration 
(ng/ml) 
Cross-reactivity found 
(%) 
Norketamine  200  2.1 
AMP  10,000  0 
MAMP  10,000  0 
MDA  10,000  0 
MDMA  10,000  0 
MDEA  10,000  0 
Cocaine  10,000  0 
Benzoylecgonine  10,000  0 
Diazepam  10,000  0 
Morphine  10,000  0 
6-MAM  10,000  0 
Methadone  10,000  0 
PCP  10,000  0 
Tiletamine  10,000  0 
 
 
4.5.7 Sensitivity and Specificity 
                                                                               
Equation 4-5                                   Sensitivity = (TP x 100)/ (TP+FN)  
Equation 4-6                                   Specificity = (TN x 100)/ (TN+FP) 
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4.5.8 Case Samples 
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Table 4-4 Neogen
® Ketamine Microplate ELISA Positive Screened Results. 
Sample number  Concentration (ng/ml) 
 
Positive/Negative 
1  >125  Positive 
2  >125  Positive  
3  >125  Positive  
4  >125  Positive  
5  >125  Positive  
6  >125  Positive  
7  >125  Positive 
8  >125  Positive  
9  >125  Positive  
10  >125  Positive  
11  >125  Positive  
12  32  Positive  
13  >125  Positive 
14  37.4  Positive 
15  25.8  Positive  
16  29.6  Positive  
17  >125  Positive  
18  >125  Positive  
19  >125  Positive  
20  >125  Positive 
21  >125  Positive  
22  >125  Positive  
23  >125  Positive  
24  >125  Positive 
25  >125  Positive  
26  >125  Positive  
27  >125  Positive  
28  >125  Positive  
29  >125  Positive  
30  >125  Positive 
31  >125  Positive  
32  >125  Positive  
33  >125  Positive  
34  >125  Positive  
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4.6 Discussion  
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       Norlida Harun - 2010                                                                                                             Page 60 
                                                                                     
                                                      
                            
                                                                                   
                                                                            
             
                                                                                
                                                                               
                                                                                      
                                                                                 
                                                                                  
                                                                    
          
                                                                                   
                                                                                  
                                                                                       
                                                                               
                                          
      
                                                                                
                                                                                  
                                                                             
                                                                                        
                                       
        
                                                                              
                                                                                        
                                                                               
                                                                            
                                                                              
                                                                             
                                                                                    
             
                                                                            
                                  
                                                                                     
                                                                                
                                                                                Norlida Harun - 2010                                                                                                             Page 61 
                                                                              
                                                                               
                                                                             
                                                                                     
                  
                                                                                
                                                                              
                                                                                 
                                                                                         
                                                                              
                                                                                  
                                                  
                                                                                       
                                                                                
                                                                               
                                                                                      
                                                                               
                                                                                   
                                                                                    
                     
4.7 Conclusions 
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5  VALIDATION OF A METHOD FOR QUANTIFICATION 
OF KETAMINE AND NORKETAMINE IN URINE BY 
LIQUID CHROMATOGRAPHY TANDEM MASS 
SPECTROMETRY  
 
5.1  Introduction 
                                                                             
                                                                                
                                                                            
                                                                                      
                                                                                 
                        
                                                                               
                                                                            
                                                                                
                                                                              
                                                                            
                                                                          
                                                                     
 
5.2  Operational Principle of LC-MS 
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Figure 5-1 A block diagram of Thermo Finnigan LCQ™ Deca XP Plus System 
[119] 
 
 
5.2.1   Electrospray Ionization (ESI) Interface 
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Figure 5-2 Schematic Process of ESI 
[119] 
 
                                                                                   
                                                                                
                                                                                         
                                                  
 Norlida Harun - 2010                                                                                                             Page 65 
 
Figure 5-3  Cross-sectional view of an API stack 
[119] 
 
                                                                                 
                                                
                              
                                           
                                           
     
                                      
                                         
                                                                                        
                                                                              
           
Table 5-1 Typical ions produced by ESI ionisation 
Ionization mode:  Type of ions 
Positive mode:  [M+H]
+ protonated molecule 
[M+Na] 
+, [M+K] 
+ … adducts 
[M+CH3CN+H]
+ protonated molecule + solvent adduct  
Negative mode:  [M-H] - deprotonated molecule 
[M+HCOO -] 
-, … adducts Norlida Harun - 2010                                                                                                             Page 66 
5.2.2 The Ion Optics 
                                                                                 
                    
                                                          
                                                                            
                                                                               
                                                                                      
                                                                               
                                      
 
Figure 5-4 Cross sectional view of the LCQ Deca Plus ion optics 
[119]  
 
5.2.3 The Ion Trap Mass Analyser  
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Figure 5-5 The ion trap mass analyser 
[119] 
 
5.2.4   The Electron Multiplier Ion Detector 
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Figure 5-6 Cross sectional view of the ion detection system 
[119] 
 
5.2.5   Tandem Mass Spectrometry 
                                                      
                      
                                     n                                  
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5.3  Experimental Section 
5.3.1     Instrumentation 
                                                                                     
                                                                                  
                                                                                
                                                                                       
          .  
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5.3.2 Drug Standards and Chemicals 
                                                                         
                                                                       
                                                                             
                                                                         
                                            
 
5.3.3   Stock and Calibration Standards 
                                                                             
                                                                                
                                                                                       
                                                                            
                                                                           
        
5.3.4   Preparation of Solutions 
5.3.4.1  Mobile Phase 
                                                                             
                                                                           
                                                                             
                         
5.3.4.2  Phosphate Buffer (0.1 M, pH 5.0) 
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5.3.4.3  Sodium Acetate Buffer (1 M, pH 5.0) 
                                                                             
                                                                                      
                                                                              
                                                                              
                                                                              
                         
5.3.4.4 Methanol with 2% Aqueous Ammonium Hydroxide  
                                                                          
                                                                                     
                                                                           
5.3.5    Urine Samples 
                                                                             
                                                                              
                                                                               
                                                                              
                                                                                
                                                                        
5.3.6    Hydrolysis Method 
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5.3.7    Extraction Method 
                                                                            
                         
                                                             
                                                                         
                                                                              
                                     
                                                                              
                                                                                
                                                                              
                                                                             
                                                                                    
                                                                                  
                                                                                 
                                                                               
                                                                               
                                                                               
                             
 
5.3.8    LC-MS-MS Conditions 
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5.3.9    Method Validation 
5.3.9.1  Method Validation  
                                                                             
                                                                                         
                                                                                
                                      
      
5.3.9.2  Linearity, LODs and LLOQs 
                                                                               
                                                                                
                                                                                     
                                                                                  
                                                                               
                                                                                       
                                                                                
                                                                                  
                                                                                 
                                                                                   
                   
  YLOD=YB + 3SB      Equation 5-1  
  LOD=(YLOD-YB)/m      Equation 5-2 
 
                                                                           
                              
  YLOQ=YB + 10SB      Equation 5-3 
  LOQ=(YLOQ-YB)/m      Equation 5-4  
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5.3.9.3  Precision and Accuracy  
                                                                                       
                                                                             
                                                                                      
                                                                               
                                                                           
                                                                              
               
5.3.9.4  Matrix Effect Assessment 
                                                                                      
                                                                               
                                                                           
                                                                                    
                                                                                
                                                                             
                                                                              
                                                                             
                                                                                           
                                        
 
  Percentage matrix effect = b/a x 100%     - Equation 5-5 
 
                                                                               
                                        
5.3.9.5  Recovery Studies 
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5.4  Results  
5.4.1.1 Mass Spectral Characteristics 
                                                                                   
                                                                                      
                                                                                   
                                                                                
                                                                                   
                                                                                  
     
                                                                        
                                                                                
                                                                                          
                      
                                                                                
                                                                            
                                  
                                             
                                                                              
                                                                            
                                                                           
                                                                                       
                                                          
                                                                              
                                                                          
                                                                            
                                               
 
 Norlida Harun - 2010                                                                                                             Page 76 
C:\STUDENTS\...\DATA\2007\Sept\1 8\Blk 1 8/09/2007 1 2:34:00
RT: 12.00 - 26.00 SM: 15G
12 14 16 18 20 22 24 26
Time (min)
0
20
40
60
80
100
R
e
l
a
t
i
v
e
 
A
b
u
n
d
a
n
c
e
0
20
40
60
80
100
R
e
l
a
t
i
v
e
 
A
b
u
n
d
a
n
c
e
0
20
40
60
80
100
R
e
l
a
t
i
v
e
 
A
b
u
n
d
a
n
c
e
0
20
40
60
80
100
R
e
l
a
t
i
v
e
 
A
b
u
n
d
a
n
c
e
22.10 1 9.10 15.24 12.44 17.87 20.22 15.98 14.16
24.70
22.31
1 9.10 12.11 1 3.44 14.23
16.18 17.52
25.08
NL: 3.21E6
TIC F: + c ESI Full 
ms2 
238.00@26.00 [ 
65.00-250.00]  
MS Blk
NL: 1.91E6
m/z= 219.5-220.5 
F: + c ESI Full ms2 
238.00@26.00 [ 
65.00-250.00]  
MS Blk
NL: 4.92E5
m/z= 206.5-207.5 
F: + c ESI Full ms2 
238.00@26.00 [ 
65.00-250.00]  
MS Blk
NL: 7.44E5
TIC F: + c ESI 
SRM ms2 
242.00@26.00 [ 
65.00-250.00]  
MS  ICIS Blk
RT: 12.00 - 26.00 SM: 15G
12 14 16 18 20 22 24 26
Time (min)
0
20
40
60
80
100
R
e
l
a
t
i
v
e
 
A
b
u
n
d
a
n
c
e
0
20
40
60
80
100
R
e
l
a
t
i
v
e
 
A
b
u
n
d
a
n
c
e
0
20
40
60
80
100
R
e
l
a
t
i
v
e
 
A
b
u
n
d
a
n
c
e
0
20
40
60
80
100
R
e
l
a
t
i
v
e
 
A
b
u
n
d
a
n
c
e
12.85
16.26 14.44 20.23
22.59
19.18
18.22
21.56
25.55
NL: 1.40E6
TIC F: + c ESI Full 
ms2 
224.00@25.00 [ 
60.00-250.00]  MS 
 ICIS Blk
NL: 5.80E4
m/z= 205.5-206.5 
F: + c ESI Full ms2 
224.00@25.00 [ 
60.00-250.00]  MS 
 ICIS Blk
NL: 1.22E4
m/z= 178.5-179.5 F: 
+ c ESI Full ms2 
224.00@25.00 [ 
60.00-250.00]  MS 
 ICIS Blk
NL: 4.16E5
TIC F: + c ESI SRM 
ms2 
228.00@25.00 [ 
60.00-250.00]  MS 
Blk
 
 
Figure 5-7 SRM chromatograms  from collision-induced dissociation of parent ions at m/z 238 
for ketamine and m/z 224 for norketamine and MS-MS spectra showing the quantitation ions  
of 220 for ketamine and 207 for norketamine in a blank sample 
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Figure 5-8 SRM chromatograms  from collision-induced dissociation of parent ions at m/z 238 
for ketamine and m/z 224 for norketamine and MS-MS spectra showing the quantitation ions  
of 220 for ketamine and 207 for norketamine in a 5 ng/mL ketamine and norketamine 
standard extracted from urine  
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Figure 5-9 SRM chromatograms  from collision-induced dissociation of parent ions at m/z 238 
for ketamine and m/z 224 for norketamine and MS-MS spectra showing the quantitative ions  
of 220 for ketamine and 207 for norketamine in (a positive sample for ketamine ( 17260 
ng/mL) and norketamine (1040 ng/mL) 
  
                                                                                
                                                                            
                                                                              
Table 5-2  MS-MS parameters for Ketamine, Norketamine, Ketamine-d4 and                
Norketamine-d4 in the ESI positive mode  
Compound  Precursor 
Ion (m/z) 
Product Ions 
(m/z) 
Collision Energy 
(%) 
                                  
                                     
                                     
                                        
* Quantitation ions (100% relative abundance) 
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5.4.1.2  Linearity, LOD and LLOQ 
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Figure 5-10  Calibration curves for ketamine and norketamine in urine over the 
concentration range 0– 1200 ng/mL. 
 
                                                                             
                                                                                  
                                                                            
                                                                               
                                                      
Table 5-3 Analytical characteristics of LC–ESI-MS-MS method for ketamine and norketamine 
in urine  
Compound  
 
Linear 
range 
(ng mL
−1)  
 
Linear equation  
 
Correlation 
coefficient 
(R
2)  
 
Detection 
limit (ng /mL)  
 
Quantitation 
limit (ng/ mL)  
 
Ketamine  0-1200  Y = 0082x + 0.08  0.9995  0.6  1.9 
Norketamine  0–1200  Y = 0.0004x + 0003  0.9979  0.6  2.1 
 
5.4.1.3  Intra- and Inter-day Precision and Accuracy 
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Table 5-4 Intra- and inter-day precision and accuracy of the QC samples of ketamine and 
norketamine in urine  
Intra-day  
(n=5) 
 
Inter-day 
(n=5) x 5 different days 
Analyte 
Spiked 
concentration 
(ng mL
−1) 
Mean ± S.D.  
 
Accuracy 
(%) 
 
R.S.D. 
(%) 
 
Mean ± S.D.  
 
Accuracy 
(%) 
 
R.S.D. 
(%) 
 
50.0  49.0 ± 0.8  98.0  1.7  49.8 ± 2.5  99.6  5.0 
500.0  499 ± 6.2  99.8  1.3  498± 3.9  99.6  0.8  Ketamine 
1000.0  997 ± 7.4  99.7  0.7  996 ± 5.0  99.6  2.2 
 
50.0  47.4 ± 3.3  94.80  7.0  48.0 ± 1.7  95.9  3.6 
500.0  497 ± 4.5  99.47  0.9  498 ± 2.6  99.6  0.5  Norketamine 
1000.0  997 ± 0.5  99.70  0.5  995 ± 2.7  99.5  0.3 
 
5.4.1.4  Assessment of Matrix Effects  
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Table 5-5 Matrix effects during LC-MS-MS analysis of ketamine and norketamine in urine 
(n=3) 
Analyte  Spiked concentration 
(ng mL
−1) 
 
Matrix Effect 
(%) [% RSD] 
                   n=6 
50  -8.6 [2.3] 
500  -4.7 [10.4]  Ketamine 
1000  -4.0 [5.1] 
 
50  +19.7 [13.2] 
500  + 6.3 [11.9]  Norketamine 
1000  +12.9 [10.7] 
 
5.4.1.5  Recovery Studies 
                                                                           
                                                                             
                                                                              
                                        
Table 5-6   Recoveries of ketamine and norketamine from human urine samples 
Analyte 
Spiked 
concentration 
(ng mL
−1) 
 
Recovery 
(%)  
      (  n=5 )    
  
SD 
 
RSD (%) 
50  113.4  0.1  1.1 
500  107.6  0.6  3.6  Ketamine 
1000  98.3  1.8  7.1 
50  102.1  0.1  1.1 
500  104.3  0.5  5.6  Norketamine 
1000  97.9  0.3  3.8 Norlida Harun - 2010                                                                                                             Page 81 
5.4.1.6  Application to Urine Samples 
                                                                              
                                                                                 
                                                                             
                                                                                    
                                                                                     
                                                                                      
                                                                                 
                                                                                
                                                                               
                                                                         
 
                                                                               
                                                                                
                                                                              
                                                                                  
                                                                                     
                                                                           
                                                                            
                                                                            
                                                                             
                                                                         
                                                                                      
                                                                               
                                                                              
                                                                                 
                                                                            
                 
 Norlida Harun - 2010                                                                                                             Page 82 
Table 5-7 Results of analysis of case urine samples by GC-MS, ELISA and LC-MS-MS.  
Sample 
Number 
 
GC-MS  
qualitative 
screening at 
cut off of 350 
ng/mL 
ELISA 
Concentration  
LC-MS/MS 
Ketamine 
LC-MS/MS 
Norketamine 
Ratio of 
Norketamine: 
Ketamine 
    (ng/mL)  (ng/mL)  (ng/mL)   
1  Positive  >125  *2830  *6960  2.5 
2  Positive  >125  880  *3970  4.5 
3  Positive  >125  *2670  *6800  2.5 
4  Positive  >125  *1200  *1230  1.0 
5  Positive  >125  *5340  *4070  0.8 
6  Positive  >125  *1210  *6960  5.7 
7  Positive  >125  *4570  420  0.1 
8  Positive  >125  920  *6400  6.9 
9  Positive  >125  150  1830  12.1 
10  Positive  >125  200  *10990  56.0 
11  Positive  >125  790  *5250  6.6 
12  Positive  32  30  690  22.2 
13  Positive  >125  *11070  *8810  0.8 
14  Positive  37.4  40  *1540  42.9 
15  Positive  25.8  20  *1080  49.2 
16  Positive  29.6  30  *1250  46.4 
17  Positive  >125  *8460  220  0.03 
18  Positive  >125  130  *8980  71.3 
19  Positive  >125  *1150  *10320  8.9 
20  Positive  >125  560  *8650  15.4 
21  Positive  >125  130  *10680  82.2 
22  Positive  >125  790  *3270  4.1 
23  Positive  >125  30  740  22.5 
24  Positive  >125  120  *1020  8.3 
25  Positive  >125  130  250  1.9 
26  Positive  >125  190  200  1.1 
27  Positive  >125  *17,260  *1040  0.06 
28  Positive  >125  *2610  *3254  1.2 
29  Positive  >125  *1810  *2200  1.2 
30  Positive  >125  *2360  *3800  1.6 
31  Positive  >125  *8150  *1000  0.1 
32  Positive  >125  218  *1000  4.6 
33  Positive  >125  *31670  25  0.001 
34  Positive  >125  *4560  *5620  1.2 
* High concentration equal to or more than the highest quality control sample, 1000 ng/mL  
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5.5  Discussion  
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Figure 5-11 LC-MS/MS results for urine samples 
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Table 5-8 ELISA and LC-MS-MS test performance 
Test results 
 
 
Test Performance 
 
Screening 
ELISA at 
cut –off   25 ng/mL 
 
Confirmation 
LC–MS/MS  
 
Efficiency 
(%) 
Sensitivity 
(%) 
Specificity 
(%) 
FP rate 
(%) 
FN rate 
(%) 
Positive 
 
Negative  Positive  Negative 
34 
 
10  34  10 
 
100 
 
100 
 
100 
 
0 
 
0 
 
Efficiency = (TP + TN) × 100/Total. 
Sensitivity = TP × 100/(TP + FN). 
Specificity = TN × 100/(TN + FP). 
False-positive rate = FP × 100/(FP + TN). 
False-negative rate = FN × 100/(TP + FN).  
 
5.6   Conclusions 
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6  MOLECULARLY IMPRINTED POLYMERS (MIPS) 
6.1 What are MIPs? 
                                                                                        
                                                                              
                                                                             
                                                                                 
                                                                               
                                                                              
            
                                                                               
                                                                              
                                                                                
                                                                                  
                                                                                       
                                                                              
                              
      
Figure 6-1 Polymerisation steps in the synthesis of a molecularly imprinted polymer 
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6.2 History of Molecular Imprinting 
                                                                              
                                                                              
                                                                               
                                                                                   
                                                                                
                                                                                        
                                                                                     
                                                                           
  
 
Figure 6-2 The number of publications of MIP per annum from 1931-2003 Norlida Harun - 2010                                                                                                             Page 90 
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6.3 Principles of Molecular Imprinting 
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Figure 6-3 Examples of analogues of sildenafil used as templates in MIP synthesis 
 
6.4 Approaches to MIP Synthesis  
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Figure 6-4 Molecular imprinting technology 
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Figure 6-5 Types of binding during molecular imprinting 
[173]. 
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Table 6-1 Advantages and disadvantages of covalent and non-covalent imprinting 
[174] 
 
                
 
                    
 
                        
 
                     
                   
                       
                                                   
                    
                     
                
                        
        
           
                   
             
                    
   
6.4.1 Templates 
                                                                               
                                                                               
                                                                                
                                                                              
                                                                             
                                                                               
                                                                           
                                                                                    
                                                                              
                                                                           
                                                                              
                                                                                
                                              
                               
                                                                                   
                                                               
                
6.4.2  Functional Monomers  
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Figure 6-6 Some monomers used for the synthesis of MIPs. 
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6.4.3 Cross-linking Agents 
                                                                                    
                                                                                
                                                                               
                                                                                           
                                                                            
                                                                               
                                                                         
                                                                                    
                                                                              
                                                                              
                                                                                    
                                                                                  
                                                                                  
                   
             
 
Figure 6-7  Different types of crosslinkers used in the synthesis of MIPs. 
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6.4.4 Porogens/solvents  
                                                                                  
                                                                               
                                                                                    
                                                                        
                                                                                   
                                                                                  
                                                                                 
                                                                                       
                                                                               
                                                                                    
                                                                                  
                                                                                  
                                                                                 
               
        
                                                                                   
                                                                              
                                                                          
                                                                                  
                                                  
        
 
6.4.5  Initiators 
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Figure 6-8 Decomposition of AIBN to form two 2-cyanoprop-2-yl radicals 
 
                                                                            
                                                                                
  
Figure  6-9  Conversion  of  methyl  methacrylate  monomer  into  poly  (methyl  methacrylate) 
using AIBN in free radical polymerisation 
 
                                                                                
                                                                                    
                                                                                   
                                               
                                                                              
                                                                                   
                                                                            
                                 
 
6.5 MIP Application Areas 
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6.6 Molecularly Imprinted Solid Phase Extraction 
(MISPE)  
                                                                             
                                                                              
                                                                               
                                                                                
                                                                                   
                                                                                 
        
                                                                         
                                                                                 
                     
                
                                                                               
                                                                                
                                                                                       
                                                                                
                                                                                  
                    
                                                                    
                                                                                
                                                                               
                                                                    
6.6.1 MISPE Protocol and Application 
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6.6.2 Advantages and Limitations of MISPE 
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6.7 Aims  
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7  SYNTHESIS  OF  MOLECULARLY  IMPRINTED 
POLYMERS BASED ON A KETAMINE TEMPLATE 
7.1 Introduction 
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7.2 Aim  
                                                             (R/S)-ketamine     
                      (S)-ketamine                                             
                                                                              
7.3 Experimental Section 
                                                                                 
                                                                                 
                                                                                 
                                                      
7.3.1  Chemicals and Materials 
                                                                                 
                                                                                
                                                                        
                                                                              
                                                                           
                                                                                     
                                              
7.3.2 Converting Ketamine.HCl Salts into Free Base Ketamine 
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7.3.3   Preparation of Solvents for Synthesis of Ketamine MIPs  
7.3.3.1  Porogen –Toluene 
                                                                                
      
7.3.3.2  Cross-linker – EGDMA 
                                                                                
                                                                                
7.3.3.3  Monomer – MAA 
                                                                            
                       
7.3.3.4  Initiator – AIBN 
                                                                            
                                                               Norlida Harun - 2010                                                                                                             Page 107 
7.3.4   Synthesis of Ketamine MIPs and NIP  
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7.3.5    In-house Column Packing and Off-line Column Washing 
Column  Packing                                                                     
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Column Washing                                                           
                                                                          
                                                                              
                                                                                
                                                                               
                                                                          
7.3.6  High Performance Liquid Chromatography (HPLC) Analysis  
                                                                               
                                                                                     
                                                                              
                                                                                
                                                           
                                                                            
                                                                             
                                                                              
                                                                                   
                                                                              
                                                                                 
                                                      
                                                         
 
Equation 7-1    k’ =    tr - t 0 /  t 0  
 
       t0                                                                     tr            
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Equation 7-2                                        IF = k’MIP / k’ NIP 
 
       k’  MIP                                                         k’  NIP           
                                  . 
7.3.7  Scanning Electron Microscopy (SEM) 
                                                                            
                                                                                     
                                                                              
                                                                              
                                                                      
          
7.4 Results and Discussion 
                                                                                
                                                                                   
                                                                                     
                                                                              
                 
                                                               
                                                                                   
                                                         
Table 7-1 MIPS and NIP prepared using monolith polymerization  
Polymer  Template/   
monomer 
cross-linker 
Template 
(mg) 
Monomer 
MAA  
(mmol) 
Cross-
linker 
EGDMA 
(mmol) 
Porogen 
Toluene 
(mL) 
 
Initiator 
AIBN (mmol) 
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Figure 7-1 Schematic diagram of the MIP preparation process 
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Figure 7-2 SEM micrograph (x 1000) of an S-ketamine MIP obtained from bulk 
polymerization process).  
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Table 7-2 Retention Time and Peak Area data of HPLC-UV for NIP, S-MIP and R/S-MIP 
ketamine columns 
Column  Injections (10 µl)  Retention Time 
(min) 
Peak Area (uV*sec) & 
 Relative Peak Area  
(in bracket) 
                             
                                       
                                         
                              
                                       
NIP 
 
 
                                         
                             
                                        
                                          
                             
                                        
S-MIP 
 
 
 
                                          
                            
                                        
                                         
                            
                                        
R/S-MIP 
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Table 7-3 Retention Factors (k’) and Imprinting Factors (IF) obtained during the 
chromatographic evaluation of the imprinted polymers 
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Figure 7-3  Separation of enantiomers on the S-ketamine MIP column using HPLC-UV  
a = acetone, b = R/S-ketamine and c =S-ketamine 
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Figure 7-4 Separation on R/S-ketamine MIP column  
             
                                                                               
                                                                               
                
                                                                  
                                                                                
                                                                             
         
                                                                           
                                                                             
                                                                                 
 
                                                                                   
                                                                                  
                                                                                  
                                                                      
 
7.5 Conclusion 
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8  OPTIMISATION OF MOLECULARLY IMPRINTED 
SOLID PHASE EXTRACTION (MISPE) OF 
KETAMINE AND APPLICATION TO HUMAN HAIR 
SAMPLES  
 
8.1  Introduction 
                                                                             
                                                                                         
                                                                                   
                                                                                
                                                                             
                               
                                                  
                                                                                
                                                         
                
                                                                            
                                                                                        
                                                                                   
                                                                          
8.2 Introduction to Hair Analysis  
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8.3  LC-MS/MS Conditions 
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Table 8-1 LC-MS/MS conditions  
Time (min)  3 mM ammonium formate + 
0.001% formic acid  
(A %) 
Acetonitrile   
(B %) 
0  75  25 
6  75  25 
15  20  80 
17  10  90 
18  10  90 
18.5  75  25 
25  75  25 
 
8.4  MISPE Method Development and Optimisation  
                                                                           
                                                                                
                                                                                   
                               
8.4.1 MISPE Column Preparation  
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Figure 8-1 Examples of (±)-ketamine MIP, NIP column and empty columns. 
 
8.4.2 Template Removal 
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Figure 8-2 Reduction of template bleeding over 15 washes 
 
                                                                               
                                                                             
                                                                                   
                                                                              
                                                                             
                                                                          
                                                                                  
                                                                               
                                                                       
8.4.3 Evaluating the Elution Solvent 
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Figure 8-3 Effect of eluting solvent composition on recover of ketamine from the MIP.  
 
8.4.4 Effects of conditioning and loading solvent on ketamine 
binding to MIP and NIP  
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Equation 8-1  % bound = (peak area for FE/peak area of (FL + FW + FE)) x 100 
 
                                                                             
                                                                              
                                                                           
                                                                              
                                                                                  
                                                                                 
                                                                               
                                                                            
                                                                                 
                                                                                
                                                            
Table 8-2 Effect of solvent on ketamine binding to the MIP and NIP 
  % bound 
Solvent 
  Dipole 
Moment 
Debyes (D) 
MIP  NIP 
Toluene  0.38  18  4 
Chloroform  1.08  66  1 
Dichloromethane  1.14  57  10 
Acetonitrile  3.44  35  3 
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Figure 8-4 Effects of solvent on ketamine MIP binding. 
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Figure 8-5 Comparison of breakthrough of ketamine using MIP and NIP columns. 
 
8.4.5 Problem of Using Chloroform 
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8.4.6 Recovery of Ketamine using MIP and NIP, with 0.1M 
Phosphate Buffer pH 5 as the loading solvent 
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Figure 8-6 Recovery of MIP and NIP without washing step 
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Figure 8-7 Recoveries of MIP and NIP with washing step 
 
                                                                                
                                                                                   
                                           
                                    
                                                                                     
                                                                               
              
Table 8-3 Optimised MISPE protocol for extraction of ketamine from aqueous samples 
 
Extraction Steps 
 
 
Solvents 
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8.4.7 Cross-reactivity of Ketamine MIP to Morphine, PCP and 
Tiletamine 
                                                                                     
                                                                               
                                                                                        
                              
                                                  
                                                                               
                                                                              
                                                                                    
                                                       
 
 
Figure 8-8 Molecular structures of morphine, PCP and tiletamine. 
 
                                                                           
                                                                            
                                                                                     
                                                                              
                               
Equation 8.2   % bound = (peak area of extracted drugs/ peak area of 
unextracted drugs) x 100 
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8.4.8 Binding Capacity of Ketamine MIP 
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8.5  Method Validation and Application to Hair Samples 
8.5.1 Human Hair Samples 
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Figure 8-10 Hair Samples Q, R,S,V and a mixed sample of Q,R,S and V. 
 
8.5.2 Preparation of Hair Samples 
                                                                                     
                                                                                    
                                                                                
                                                                                
                                                                                   
                                                                                         
                                                                               
                        
                                                                                
                                                                                  
                                                                              
                                                                                           
                                                      
8.5.3 Solid- Phase Extraction Using (±)-Ketamine MISPE Columns 
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8.5.4 Linearity, Precision and Stability Studies 
                                                                                    
                                                                                 
                                                                               
                                                                             
                                                                               
                                                                               
                                                                              
                                                                               
                                                                
                                                                                    
                                                                            
                                                                                         
                                                                                     
                                                                                       
                                                                                     
                                                                               
                                                                              
                                                                              
                                                                            
                                                              
8.5.5  Matrix Effect Analysis 
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Percentage of matrix effect = a/b x 100%                                  Equation 8-3     
 
8.5.6 Limits of Detection (LOD) and Lower Limits of Quantification 
(LLOQ)  
                                                                           
                                                                                  
                                                                             
                                                                                 
                                                                            
                                                                                     
                                                  
8.5.7 Recovery Study of Ketamine and Norketamine 
                                                                                    
                                                                                     
                                                                           
                                                                               
                                                                              
                                                                                    
                                                                              
                                                                              
                                                                               
                            
8.5.8  Hair Case Samples 
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8.6  Validation Results and Discussion 
8.6.1 Linearity, Pecision and Stability Studies 
8.6.1.1  Linearity 
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Figure 8-11 Calibration for ketamine and norketamine from 0-100 ng/10 mg hair 
 
8.6.1.2  Intra-day and inter-day precision using authentic hair samples 
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Table 8-4 Intra-day and inter-day precision study using authentic pooled hair samples 
Intra-day  
(n=3) 
Pooled samples 
Inter-day 
(n=3) x 3 different days 
Pooled samples 
Analyte 
Mean   SD 
R.S.D. 
(%) 
 
 
Mean   
 
   SD  RSD (%) 
 
                                             
                                              
 
8.6.1.3  Stability 
                                                                               
                                                                                      
                                                                                   
                                                                                  
                                                                                 
                                                                                    
                                                                                       
                                                                               
                                                                  
Table 8-5 Stability of ketamine and norketamine in freezer for three weeks   
Pooled samples kept in freezer ( n=3) 
 
Duration  Ketamine concentration (ng/mg)  Percentage remaining 
Week 1  2.81  100.00 % 
Week 2  2.70  96.4 % 
Week 3  2.35  85.7 % 
     
Duration  Norketamine concentration (ng/mg)  Percentage remaining 
Week 1  0.880  100.00 % 
Week 2  0.875  99.4 % 
Week 3  0.865  98.3 % 
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8.6.2 Matrix Effect Study  
                                                                                      
                                                                                      
                                                                            
                                                                               
                                                                                 
                                                                               
                                                                                
                                                                                
                                                                
             
                                                                                   
                                                                             
                    
 Table 8-6 Matrix effect using ketamine MIP columns 
Analyte  Spiked concentration 
(ng)  
 
Matrix Effect (n=6) 
(%) [RSD] 
 
                           
 
                              
 
8.6.3 LOD and LLOQ 
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Figure 8-12 Quantification of (a) ketamine at 0.2 ng/mg and (b) norketamine at 0.5 ng/mg 
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Table 8-7 Analytical characteristics of LC–ESI-MS method for ketamine and norketamine 
Compound 
 
Linear range 
(ng  mg
−1 
hair) 
 
Regression line 
equation 
 
Correlation 
coefficient 
(R
2) 
 
 
LOD 
(ng/mg 
hair) 
LLOQ 
(ng/mg hair) 
 
                  Y           
               
 
    
 
     
 
                     Y             
             
 
    
 
     
 
 
                                                                                        
                                                                                    
    
Figure 8-13 Created binding cavities for analytes rebinding  
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8.6.4 Recoveries of Ketamine and Norketamine 
                                                                            
                                                                                
Table 8-8    Recoveries of ketamine and norketamine from hair. 
Analyte 
Spiked 
concentration 
(ng 10 mg
−1) 
MIP 
Recovery 
(%)  
      (  n=5 )    
 
RSD 
NIP 
Recovery 
(%)                
(  n=5 )    
 
RSD 
                       
 
     
 
      
 
      
 
 
 
            
 
      
 
      
 
     
 
      
 
      
 
 
                                                                               
                                                                                   
                                                                                  
                                                                            
                                                                                   
                 
8.6.5 Hair Sample Analysis 
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Table 8-9 Hair sample weights, colours and concentrations of ketamine and norketamine  
Sample 
Number 
Weight MIP 
(mg)  Hair Colour 
Ketamine 
concentration 
ng/mg  
Norketamine 
concentration 
ng/mg 
Q  19.96  Dark brown  4.4  present * 
R  19.85  Black  5.7  1.2 
S  20.02  Black  2.2  0.6 
V  10.01  Light brown  0.2  present * 
* equal to or higher than the detection limit but lower than the quantification limit 
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Figure 8-14 LC-MS-MS chromatograms for (a) blank, (b) internal standards and (c) pooled 
positive hair samples. Norlida Harun - 2010                                                                                                             Page 142 
                                                                              
                                                                                    
                                                                             
                                                                             
                                                               
8.7  Conclusion 
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9  COMPARISON OF MISPE WITH CONVENTIONAL 
SPE FOR THE DETECTION OF KETAMINE IN 
HAIR SAMPLES 
 
9.1 Introduction and Aims 
                                                                            
           
                 
                                                       
                                                                              
                                                                              
                                                                           
                                                                                 
                                                                                    
                                                                            
              
                                                                                 
                                                               
              
                                                                             
                                                                           
                                                                                    
                         
 
9.2 Experimental 
9.2.1 Instrumentation 
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9.2.2 Chemicals and Materials 
                                                                               
                                                                            
                                                                               
                                                                                  
       
                                                                             
                                                                           
                         
                                                        
                                                 
 
9.2.3 Preparation of Solutions 
9.2.3.1  Mobile Phase 
                                                                             
                                                                               
                                                                                      
                 
9.2.3.2  Preparation of pH 5.0 Phosphate Buffer  
                                                                                
                                                                              
                                                                       
9.2.4 Hair Samples 
                                                                            
                                                                                      
                                                                                     
                                                       
9.2.5 Preparation of Hair Samples 
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9.2.5.1  Conventional SPE Method 
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9.2.5.2  Ketamine MIP Extraction Method 
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9.2.6 LC-MS/MS Conditions 
                                                                         
                                             
                                      
                                                                         
                                                                         
                                                                                    
                                                                              
                                                                
 
                                                                                       
                                                                             
                                                                                 
                                                                              
                                                                                 
                                              
 
9.2.7 Results and Discussion 
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Table 9-1 Results of analysis of hair for ketamine and norketamine using MISPE- and SPE- 
based procedures. 
MISPE 
Sample 
Number 
Weight of 
hair sample 
(mg) 
Hair Colour 
Ketamine 
concentration 
ng/mg  
Norketamine 
concentration 
ng/mg 
                                    
                          
                          
                                     
SPE 
Sample 
Number 
Weight of 
hair sample 
(mg) 
Hair Colour 
Ketamine 
concentration 
ng/mg  
Norketamine 
concentration 
ng/mg 
                                    
                               
                               
                                     
* Equal or higher than LOD but below the LLOQ 
                                                                                 
                                                                              
                                                                               
                                                             
Table 9-2  Mean concentrations of ketamine and norketamine in hair case samples 
measured individually by MISPE- and SPE-based procedures and in pooled hair case 
samples.   
 
Mean concentrations in 
4 hair samples using 
the MISPE method 
(ng/mg hair) 
 
 
 
Mean concentrations 
in 4 hair samples using 
the SPE method 
(ng/mg hair) 
 
 
 
Mean concentrations 
in a mixed sample of 
Q, R, Sand V hair 
samples (from inter-
day precision 
measurements 
reported in Chapter 8) 
(ng/mg hair) 
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Table 9-3 Summary of method validation results of the SPE method 
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Table 9-4 MISPE versus SPE matrix effects 
Analyte 
Spiked 
concentration 
(ng mL
−1) 
 
MISPE Matrix 
Effect 
(%) [RSD] 
 
 
SPE Matrix 
Effect 
(%) [RSD] 
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Table 9-5 Extraction recoveries for ketamine and norketamine 
Analyte 
Spiked 
concentration 
(ng 10 mg
−1) 
MISPE 
Recovery 
(%)  
      (  n=5 )    
 
RSD 
SPE 
Recovery 
(%)                
(  n=5 )    
 
RSD 
                      
 
     
 
     
 
    
 
 
 
            
 
      
 
     
 
     
 
      
 
    
 
 
                                                                           
                                                                                     
                                                                             
                                                                               
                                     
Table 9-6 Inter-batch-precision for MISPE and SPE 
 MISPE  
(n=3) x 3 different days  
Pooled samples 
 SPE  
(n=3) x 3 different days 
Pooled samples 
Analyte 
Mean  R.S.D. (%) 
 
 
Mean 
 
R.S.D. (%) 
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9.3 Conclusion  
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10 AMPHETAMINES 
 
10.1  Introduction 
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Figure 10-1  Natural products and synthetic amphetamines  
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10.2  Chemical and Physical Properties of Amphetamines 
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10.3  Pharmacokinetics 
 
10.3.1  Routes of Administration  
                                                                                     
                                                                                     
                                                                                       
                                                                                      
                                                                                     
                                                                                   
                                                                                 
                                                                                
                                                                                   
                                                                              
                                                                                       
                                                                              
                                                                              
                                                                                  
                  
                                                                                 
                                                                              
                                                                               
                                                                              
                                                                                
                                                                              
               
       
10.3.2  Distribution 
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10.3.3  Elimination 
                                                                            
                                                                                
                                                                               
                                                                                  
                                                                            
                                                                                   
                                                                           
                                                                           
                                                                            
       
10.3.4  Metabolic Pathways of Amphetamines  
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Figure  10-2  Metabolic  pathways  of  methamphetamine  (MAMP),  amphetamine  (AMP),  3,4-
methylenedioxymethamphetamine  (MDMA)  and  3,4-methylenedioxyethylamphetamine 
(MDEA).  Abbreviations:  AMP,  Amphetamine;  HHA,  3,4-dihydroxyamphetamine;  HHEA,  3,4-
dihydroxyethylamphetamine;  HHMA,  3,4-dihydroxymethamphetamine;  HMA,  4-hydroxy-3-
methoxyamphetamine;  HMEA,  4-hydroxy-3-methoxyethylamphetamine;  HMMA,  4-hydroxy-3-
methoxymethamphetamine;  MAMP,  N-methylamphetamine;  MDA,  3,4-
methylenedioxyamphetamine;  NOREPH,  norephedrine;  pOHAMP,  p-hydroxyamphetamine; 
pOHNOREPH, p-hydroxynorephedrine; pOHMAMP, p-hydroxymethamphetamine. 
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11  APPLICATION OF MISPE AND LC-MS/MS FOR 
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Table 11-2 The optimum tuning LC parameters, the precursor and the product ions for 
amphetamines 
Compound 
Sheath 
Gas 
(AU) 
Auxiliary 
Gas(AU) 
Capillary 
temperature         
( ºC ) 
Collision 
Energy          
(%) 
 
Precursor 
Ion 
 
Product 
Ion 
 
                                        
                                          
                               
                                
                                
  210 ºC was used in the LC-MS method 
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Figure 11-1 Calibration curves for the 5 amphetamines 
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Table 11-3  Calibration curve regression coefficient, linear range, LOD and LLOQ for five 
amphetamines in whole blood and comparison of LOD/LLOQ with a validated GC-MS 
method 
 
Amphetamine  Coefficients 
Variations 
 
R
2 
Linear 
range 
ng/mL 
LC-
MS/MS 
LOD  
ng/mL 
GC-MS 
LOD 
ng/mL 
LC-
MS/MS 
LLOQ  
ng/mL 
GC-MS 
LLOQ 
ng/mL 
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Table 11-4 Matrix effects for 5 amphetamines 
Analyte  Spiked concentration 
(ng mL
−1) 
 
Matrix Effect 
                 (%) [RSD] 
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11.3.3  Recovery Study 
                                                                              
                                                                                 
                                                              
Table 11-5 Recoveries of amphetamines from human whole blood  
  50 ng/mL  450 ng/mL  900 ng/mL 
QA compound  Mean 
recovery 
(%) 
(n=6) 
RSD of 
recovery 
(%) 
 
Mean 
recovery 
(%) 
(n=6) 
RSD of 
recovery 
(%) 
 
Mean 
recovery 
(%) 
(n=6) 
RSD of 
recovery 
(%) 
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Table 11-6 T-test results  
Set of  samples  Set A 
  
Set B  
 
Set C  
 
Concentration level 
 
50 ng/mL 
 
450 ng/mL 
 
900 ng/mL 
 
             40.9  38.3  40.2 
                 42.2  61.4  50.3 
     38  37.9  38.5 
      47.5  50.3  50.1 
      32.7  33.7  31.4 
 
T test results 
 
Set A vs. Set B   Set A vs. Set C  Set B vs. Set C 
T value  0.74  0.68  0.73 
P value    <0.05  <0.05  <0.05 
 
11.3.4  Intra- and Inter-day Precision 
                                                                             
                                                                            
                                                                                   
                 
                                                                                  
                                                                                  
                              
Table 11-7  Intra- and inter-day precisions for amphetamines in human blood samples  
    Intra-day (n=6)  Inter-day (n=6 x 3) 
Amphetamines  Amount 
added 
(ng/mL) 
Amount 
detected  
(ng/mL) 
 
RSD (%) 
Amount 
detected 
 (ng/mL) 
 
RSD (%) 
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Table 11-8 The Intra- and inter-day precisions for amphetamines in human blood samples 
for GC-MS method 
    Intra-day (n=10)  Inter-day (n=10 x 10 days) 
Amphetamines  Amount 
added 
(ng/mL) 
Amount 
detected  
(ng/mL) 
 
RSD (%) 
Amount 
detected 
 (ng/mL) 
 
RSD (%) 
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Table 11-9 Comparison of GC/MS and LC/MS results 
 GC-MS   LC-MS/MS  
Sample 
Number 
 
Analyte  Concentration 
(ng/mL)  Analyte  Concentration 
(ng/mL) 
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Table 11-10  Other drugs present in the post mortem blood samples 
Sample 
 Number 
 
Other drugs detected (mg/L) 
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